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It is difficult to write a definition of standardized extracts that would produce 
widespread agreement among clinical allergists and immunologists. Ideally 
a standardized extract should contain measured amounts of all of the major 
allergens. A major allergen would be defined as an allergen that gives rise to 
IgE antibody in a majority of clinically sensitive patients and that is present 
in a high enough concentration in the environment to cause disease. In ad- 
dition, the concentration and cumulative dose of such allergens that induce 
a positive reaction in the skin of clinically sensitive subjects and a beneficial 
response on immunotherapy should be known. The above ideal is not even 
approximated with most mammalian allergens. Nevertheless, we will attempt 
to summarize what is known and then develop recommendations that should 
guide in the preparation and use of extracts that have been characterized to 
some extent. This will be done with the full realization that future research 
will require modification of these recommendations. 

H i s to r i ca l  R e v i e w  a n d  E p i d e m i o l o g y  

One of the first recognized cases of animal dander hypersensitivity was de- 
scribed by the Italian physician Pietro Mattioli. In 1570 he described a patient 
who was so sensitive to cats that if he was sent into a room in which a cat 
was concealed he could detect its presence by the occurrence of symptoms 
that included agitation, diaphoresis, and pallor.1 Three centuries later, Salter 2 
recognized a relationship between exposure to animals and the occurence of 
asthma and described certain asthmatics that "cannot stroke or nurse a cat" 
or "go near a rabbit hutch." 

Cats and dogs are the most common household pets in urban areas. In 
Scandanavia and the United States cats and dogs are present in up to 50% 
of households. 3,4 A number of studies from different parts of the world have 
documented immediate skin test reactions to cat and dog allergens in 20--30% 
of unselected patients with asthma. Most of these studies have documented 
a higher prevalence of sensitization to cat allergens than to dog allergens, s-13 
A study from Sweden showed that 60% of children with asthma had evidence 
of allergy to animals. 3 Vanto and Koivikko 4 have shown that 40% of asthmatic 
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children in Finland have a positive prick test to dog dander extract despite 
minimal contact with dogs in most instances. In asthmatic patients, the pres- 
ence of a cat or dog in the environment has more relation to the severity of 
the asthmatic symptoms than a number of other factors, such as air pollu- 
tion. 14 

The prevalence of cat or dog allergy in a general population is not known 
with certainty, but there is some similarity of estimates from different parts 
of the world. The overall prevalence of animal allergy in Sweden is estimated 
at about 5%.3 Positive prick test reactions to dog allergen are seen in 14% of 
unselected adolescents in Finland.1 The prevalence of cat allergy in the general 
population can be estimated from data generated by the Tuscon Epidemiol- 
ogical Study of Obstructive Lung Disease. 15 In a carefully selected population 
sample the overall prevalence of prick test reactions to a cat epithelial extract 
was 19.9%. If we assume that 25% of those individuals that are prick test 
positive are also clinically sensitive, we can estimate the number of cat-sen- 
sitive individuals in the United States at 10 million. Most of the above studies 
were carried out with minimally characterized extracts. 

In rural areas, allergy to horses, cows, and other farm animals can be a 
serious occupational problem. Exposure to allergens from such animals may 
not always be apparent because hair from horses and cows may be used in 
mattresses, stuffed furniture, and carpets. 

Laboratory animal allergy is common in research facilities where the in- 
cidence of allergic disease has been consistently reported to be about 15%. 
This makes animal allergy an occupational hazard of major importance in 
such locations. 16-21 Even primates have been implicated in allergic reactions 
in research facilities. 22 Rodent allergy may be important in houses infested 
with rats and mice. 23 

C o l l e c t i o n  o f  M a t e r i a l  a n d  E x t r a c t i o n  

Mammalian allergens present particular problems in selection of source ma- 
terials. Since the 1920s, the dander or particles from the pelt have been as- 
sumed to be the vector causing human inhalant allergy. It is for this reason 
that the starting material for almost all commercial mammalian allergen is still 
whole pelt, skin scrapings, or hair. 

Very early in the study of allergens it was recognized that serum also 
contained allergens. Initial reports of serum allergens dealt mainly with horse 
serum because in many instances sensitization seemed to occur by therapeutic 
administration of antitoxin. 24-26 The role of serum allergens in the causation 
of inhalant allergy has remained poorly defined, but interest in these allergens 
was stimulated by the fact that serum components including albumin could 
be found in extracts of epithelium. 24'25"27-3~ Allergenic activity now has been 
described in the serum of cats, dogs, laboratory animals, and a number of 
other species.19"29"31~35 Serum has never gained wide acceptance as a material 
to use for diagnosis or for immunotherapy in inhalant allergy. There are many 
obvious reasons for this. Even though serum components are present in 
epithelial extracts, a patient is not exposed to serum as such. It is probable 
that serum contains a very unrepresentative relative concentration of aller- 
genic components as well as a large quantity of irrelevant protein. The di- 
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agnostic specificity of serum allergens has long been unclear. A number of 
analytical approaches have demonstrated that serum allergens of different 
species share antigenic s i tes .  27"33'36-39 Therefore, a positive skin test reaction 
to serum allergens of one species may derive from primary sensitization to 
another species. 

There have been a number of reports, mostly in the last 15 years, dealing 
with allergens in urine, 29'4~ and saliva. 19'43'46~8 These findings add a con- 
siderable amount of uncertainty in the selection of the best source material 
to use for diagnosis and treatment. Certainly both urine and saliva have the 
potential to become airborne in particulate form and could very well be im- 
portant in inhalant allergy. In one study of cat allergens it was shown that 
urine and serum contain no unique allergens that are not also present in 
extracts of pelt or saliva. 49 

The major allergen in cat allergy, cat allergen 1, is excreted in saliva ~'49 
but also may be produced by structures in the pelt. s~ The above data suggest 
that epithelial sources are likely adequate as a source of allergen in the do- 
mestic cat. Surface washes of living cats provide a rich and renewable source 
of cat allergen 1 as well as a small amount of albumin, and such washes have 
been suggested as a useful source of clinically relevant allergen. 51 Cat washes 
do not contain measurable amounts of several minor allergens defined by the 
crossed-radioimmunoelectrophoresis technique (CRIE) in cat pelt extracts. 

In a recent study of rat allergens derived from urine, saliva, and skin using 
CRIE, unique minor allergens were found in each of these sources. 48 This 
raises the possibility that a mixture of allergens derived from different sources 
might be advisable in some species. It should be pointed out that in most 
species, including the rat, mouse, and cat, there remains a limited number 
of major allergens. The imposition of a requirement that extracts contain all 
minor allergens is probably not realistic or even advisable. This is particularly 
true when a minor allergen is defined by weak activity in a technique such 
as CRIE, which is difficult to standardize because of its dependency on the 
nature of polyspecific rabbit antisera and human serum pools. It is to be 
anticipated that in most mammalian species the pelt extract will contain more 
allergens than extracts of hair or epithelial scrapings. In this context "more" 
is not to be automatically considered "better." 

There is increasing evidence that in the rat, mouse, and possibly the guinea 
pig that the urine is the primary source of the major al lergens.  2~ 
Skin test reactivity to mouse and rat urine appears to have diagnostic value, 
although there remain a few subjects that appear to be clinically sensitive 
who do not react to at least some urine specimens. 35 

In horse allergy, most of the evidence suggests that extracts of dander and 
not the serum contain most of the relevant allergens, s~62 There are no studies 
of horse urine. 

In cow allergy using the CRIE technique, 11 allergens have been described, 
most of which appear to be of epithelial origin. Some cow allergens also are 
found in saliva, urine, and serum 63,64 Some evidence exists for cross reactivity 
of antigens derived from the cow and those of the sheep, goat, and swine. 64 

With dog allergy, most studies have used the epithelial extracts that contain 
albumin as well as several other lower molecular weight aller- 
gens. 6"27'38'39"46'65~8 A few studies have mentioned the presence of allergenic 
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activity in dog urine 45"69 or saliva, 46 although the value of these sources is 
simply not known. Breed-specific allergens have frequently been alleged on 
the basis of casual studies of individual extracts, 7~ although when dog 
extracts are analyzed carefully no breed-specific allergens have yet been 
found.27,38, 39 

A knowledge of the general properties of mammalian allergens provides 
some guidance as to the way they should be extracted from source material 
and handled after extraction. All mammalian allergens described to date ap- 
pear to be acidic proteins with a molecular weight range between 15,000 and 
160,000. Extraction conditions should be at an ionic strength of 0.1-0.2 and 
at a pH of above 7.0 (preferably 7.5) for maximum solubility of allergens. 
Extraction should be carried out for 12-24 hours at cool temperatures (ie, 
5-10~ with the optional addition of bacteriostatics and proteolytic inhibitors 
to avoid degradation. It has been our experience that during the process of 
extraction of pelts the extracting fluid undergoes a marked drop in pH that 
necessitates the addition of alkali to maintain a pH at above 7.0. If pelts are 
used, vigorous washing before extraction will probably remove a major amount 
of significant allergen. 73 Dialysis of the resulting extracts with retention of 
proteins above 10,000 is probably advisable. Additional purification to remove 
high molecular weight materials (above 200,000) could be carried out without 
risk of major loss of allergenic activity. Defatting of the starting material may 
improve extraction efficiency and should not be associated with any disad- 
vantages. 

C h a r a c t e r i z e d  M a m m a l i a n  A l l e rgens  

For the purpose of this discussion, a characterized allergen will be defined 
as an allergen whose antigenic properties are defined by a polyclonal or 
monoclonal antiserum and has been studied by at least 2 analytical procedures 
to determine its charge and size properties. A complicating feature in the 
study of allergens is the common occurence of multiple forms of single al- 
lergens that share antigenic sites as defined by heterologous antiserum. These 
multiple forms, or isoallergens, usually differ with respect to charge. The 
demonstration of shared antigenic sites in a family of isoallergens is usually 
accomplished by the use of polyspecific heterologous antiserum and various 

immunoelectrophoretic procedures, as in the case of cat allergen 1 and the 
mouse urinary allergen. 74,75 It is to be anticipated that monoclonal antibodies 
will aid in the definition of antigenic sites on allergen molecules, although 
their absolute specificity may be a limitation in that single epitopes on a given 
molecule also may be present on other unrelated molecules. The extensive 
use of crossed-immunoelectrophoresis (CIE) and CRIE has greatly aided in 
overall descriptive studies of antigens and allergens in crude extracts. The 
limitations of these techniques are many. They are cumbersome to use when 
trying to quantitate individual allergens in extracts of widely varying antigen 
content or when attempting to track individual allergens during sequential 
purification. Each polyspecific rabbit antiserum has its own pattern of anti- 
body specificity, and it is difficult to compare different rabbit antisera directed 
against the same crude extract. In CRIE, the human serum pool also is difficult 
to standardize and contains greatly varying levels of IgE antibody against the 
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individual allergens. The relative intensity of the radiographic image is de- 
pendent  on subjective assessment, on the nature of the rabbit antiserum, and 
on the number of antigenic sites available in the immune precipitate. Uptake 
of radioactivity in precipitin arcs in the CRIE may be nonspedfic41; therefore, 
the careful use of control subjects is required. 

Cat allergen 1, which has a molecular weight of 35,000 daltons and an 
isoelectric point of 3.85, 75 is the major allergen in the domestic cat. It has been 
fairly well characterized by the use of a monospecific, polyclonal rabbit anti- 
serum. 76 Absorption with this antiserum removes most of the allergenic ac- 
tivity (as defined by skin test and radioallergosorbent test (RAST)) in pelt 
extracts and a variety of commercial extracts. 28'76 In a random survey of allergy 
clinic patients, it was shown that IgE antibody to cat allergen 1 correlated 
with clinical sensitivity much better than IgE binding to cat serum, crude cat 
pelt, or purified cat albumin. 77 The content of cat allergen 1 in a variety of 
cat extracts reliably predicts the skin test reactivity of these extracts in a 
population of cat-allergic individuals. 28,47 The importance of cat allergen 1 
also is confirmed by the CRIE technique. 63,73 The ability to reliably measure 
cat allergen 1 by techniques such as quantitative immunoelectrophoresis has 
allowed a comparison of concentrations of this allergen in different cat prod- 
ucts. This allergen can be found in cat saliva, extracts of epithelium, and in 
surface washes of living cats. 43,51 Serum and urine contain either unmeasur- 
able or very low and inconsistent amounts of cat allergen 1. 43,49 It has been 
suggested that saliva is the primary source of cat allergen 1 and that this 
would be a useful source of allergen. 78 There is evidence that cat allergen 1 
is associated with the sebaceous glands of the skin as well as the sublingual 
salivary glands. 5~ It has been pointed out that the viscous physical charac- 
teristics of saliva make it unattractive as a practical source of allergen. 62 The 
quantity of allergen that can be obtained per saliva collection (40 to 80 U) 43 
is much lower than what can be obtained with a brief surface wash of a cat, 51 
which usually yields more than 800U. One unit is approximately equal to 2 
~g protein. 

Serum albumin can be readily identified in many mammalian extracts and 
can be shown to occasionally give rise to IgE-antibody binding in the cat ,  33"49 
d o g ,  27'65"79 m o u s e ,  53 r a t ,  37 and horse, s~ In none of these species has albumin 
been shown to give rise to IgE-antibody binding in a high proportion of allergic 
individuals. 39'6''77 There is evidence for allergenic cross-reactivity of albumins 
of different s p e c i e s .  33'81 

A single allergen in mouse urine seems to be a predominant allergen in 
mouse allergy. 53'54'74 This allergen has a molecular weight of 16,000 to 18,000 
daltons and an isoelectric point of 4-5. It is the predominant protein in mouse 
urine and appears to be identical to the mouse urinary protein complex de- 
scribed by Finlayson et al in 1965.82 This protein is synthesized predominantly 
in the liver and excreted in large quantity in the urine. Structural genes of 
this protein are located on chromosome 4, 83 and the synthesis of this group 
of proteins is stimulated by androgen. 84 

In the rat there appears to be a urinary allergen similar to that found in 
the mouse with a similar molecular weight and a highly negative charge. 4L85 
In an important study using the CRIE technique in 14 rat-sensitive patients, 
it was found that a major allergen in fur, urine, and saliva was identical to 



42 J.L. Ohman, Jr, and B. Sundin 

this urinary "prealbumin" allergen. 48 A number of other minor and less char- 
acterized allergens were described in this study. 

In the dog, a number of partially characterized allergens have been de- 
scribed with molecular weights that range from 28,000 to above 70,000. 38"39'65'79 

Pract ical  Data:  Safe ty  a n d  Efficacy 

The treatment of choice for the majority of patients allergic to animal danders 
is avoidance. For patients for whom avoidance is impossible and pharma- 
cologic therapy is insufficient, immunotherapy may be an alternative. Initial 
experience with immunotherapy using uncharacterized animal dander ex- 
tracts in uncontrolled protocols has given contradictory results regarding the 
efficacy of this treatment. 86~8 The following 4 studies document the efficacy 
of immunotherapy when well-characterized cat or dog allergens are used. 

The first report of immunotherapy in cat-induced asthma using an extract 
of standarized allergen content in a double-blind study was published by 
Taylor and Ohman. 89 Asymptomatic subjects with normal pulmonary func- 
tion were selected for a double-blind trial of immunotherapy with cat pelt 
extract. The cat pelt extract (CPE 149) contained measured amounts of CAT 
1, and cat albumin, as well as other uncharacterized allergens, on CRIE. The 
patients had a history of asthma on exposure to cats, a positive prick test 
reaction to cat pelt extract, and a positive bronchial challenge. Patients were 
randomly assigned to active treatment or placebo groups and received weekly 
or biweekly injections over a 3-4 month period. The 5 patients on active 
treatment received a cumulative dose of cat extract that ranged from 16A ~ . 8  
mg of total solid containing 1.7-4.7 mg of CAT 1, and 5.3-14.6 mg of cat 
albumin. Mild systemic reactions occurred in 3 patients in the active and 3 
patients in the placebo group. The patients with active treatment showed a 
reduction in skin reactivity to cat pelt extracts as well as a significant mean 
reduction in bronchial sensitivity. Bronchial response to histamine did not 
change significantly. In the placebo group no changes occurred. Vigorous 
IgG-antibody responses were seen in both cat allergen 1 and cat albumin. 9~ 
One patient who had received a cumulative dose of several hundred micro- 
grams of albumin developed precipitating antibody to albumin. This suggests 
that the concentration of albumin in the immunizing mixture should be re- 
duced. 

In another double-blind study by Ohman, 91 the efficacy of immunotherapy 
in cat-induced asthma was studied using a purified fraction of cat pelt extract 
that contained only the 2 allergens CAT 1 and cat albumin. Nine active- and 
8 placebo-treated subjects completed a 16-week treatment schedule. The active 
treatment group received a mean cumulative dose of 10.9 U of CAT 1. Active 
treatment resulted in significant reduction in prick test reaction and bronchial 
sensitivity. The treatment also resulted in a significant delay of the onset of 
ocular and pulmonary symptoms on exposure to live cats. IgG to CAT 1 and 
cat albumin increased as well. No change was observed in bronchial respon- 
siveness measured by methacholine challenge, and no significant change in 
basophil sensitivity to CAT 1 was observed. No changes were observed in 
the placebo group for any of the above-mentioned parameters. 
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Table 1. Controlled Trials of Immunotherapy in Animal Dander Allergy 

Trials 1 2 3 4 5 

Species: cat 1, dog 2, mouse  3, rat 4, other 5 3,4,5 1 1 1,2 2 
Blinded treatment and evaluation - + + + + 
Beneficial change in in vitro parameters  

IgG antibody + + + + nd 
WBC histamine release nd nd - nd nd  

In vivo parameters  
bronchial challenge nd + + + - 
conjunctival challenge nd nd nd nd + 

skin test titer nd + + + nd  
Clinical evaluation + nd + + nd 
References 94 89,90 91 92 93 

n d  = not done 
+ = beneficial response 
- = no beneficial response 

In the above study, the concentration of cat allergen 1 that produced a 3- 
mm wheal by prick test ranged from 0.0013-1.33 U/mL. 9i For use in prick 
tests, extracts should probably contain approximately 2 U/mL of cat 1. Con- 
centrations of cat albumin above 50 Ixg/mL in such preparations are probably 
unnecessary. 62 

In a double-blind study from Scandinavia using partly purified and stan- 
dardized extracts, 92 40 patients with asthma on dog or cat exposure were 
assigned to either the active- (dog or cat) or placebo-treatment group. After 
1 year of treatment the code was broken. Twenty-two patients were found 
to belong to the active group (15 cat and 7 dog) and 18 patients to the placebo 
group. The cat-treated group had received 42 ~g13-65 of CAT 1. In this group 
the bronchial sensitivity and prick test reactions were reduced significantly 
(p < .001). Also, increased bronchial tolerance for histamine was found in 
the cat treated group (p < .005). In the dog-treated group there was also an 
increased tolerance to histamine and allergen, but the changes were not sig- 
nificant. In the placebo group no changes occurred. Mild systemic reactions 
occurred 15 times in the active- and 7 times in the placebo-treatment group. 
These reactions responded promptly to treatment. 

In a Finnish double-blind study 93 27 asthmatic children allergic to dog were 
treated with a commercial standardized aluminum hydroxide-bound dog ex- 
tract or placebo. After 1 year of therapy the conjuctival sensitivity to dog 
dander extract had decreased significantly (p < .001) in the active-treated 
group. The decrease in bronchial sensitivity was not significant. No systemic 
reactions occurred. 

One additional non-blinded study of immunotherapy in lab animal allergy 
has been done, 94 and clinical improvement was subjectively reported. In ad- 
dition, blocking antibody responses were demonstrated which were specific 
for the antigen used. 

As shown in these 5 studies, immunotherapy with standardized cat and 
dog extracts appears to be a viable alternative treatment for allergic individuals 
in cases where avoidance or pharmacologic therapy is impossible or insuffi- 
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cient (Table 1). Although serious reactions have not been observed in any of 
the studies to date, trained personnel and proper equipment should be avail- 
able to handle any anaphylactic responses that may occur after immuno- 
therapy treatments. Provided that these precautions are taken, immunother- 
apy is a safe alternative in the treatment of allergic disease (Table 1). 
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